Objective: The present study was aimed at determining the effect of physical training on glutamate transporter activity in a middle cerebral artery occlusion (MCAO)-induced ischemia injury rat model. Design: Randomized controlled trial. Methods: In this study, we randomly divided them into three groups. Group I included non-occlusion sham controls (n=10), Group II included non-physical training after MCAO (n=10), and Group III included rats that were subjected to physical training after MCAO (n=10). Rats in the physical training group underwent treadmill training, which began at 24 h after MCAO and continued for 14 consecutive days. The training intensity was gradually increased from 5 m/min on the first day to 12 m/min on day 3, and it was maintained until day 14. Focal cerebral ischemia was examined in adult male Sprague-Dawley rats by using the MCAO model. We determined the functional outcomes for each rat on days 1, 7, and 14. Glutamate transporter-1 (GLT-1) activity in the cortex of rats from all three groups was examined at the end of the experiment. Results: Out result show that MCAO rats exhibited severe neurological deficits on the 1 day, and there was no statistically significant in each groups. We observed that the functional outcomes were improved at days 7 and 14 after middle cerebral artery occlusion, and GLT-1 activity was increased in the physical training group (p<0.05). Conclusions: These results indicated that physical training after focal cerebral ischemia exerts neuroprotective effects against ischemic brain injury by improving motor performance and increasing the levels of GLT-1 activity.
Introduction
Stroke is a major cause of morbidity and mortality around the world, and there is an association between age and the risk of stroke [1] . Ischemic strokes, accounting for 80% of all strokes may be caused due to atherosclerotic disease, embolism, hypercoagulable disorders, and in certain cases, due to undetermined causes [2] . It is also one of the leading causes of motor dysfunction, cognitive impairment, movement and gait disorder [3] . The restoration of these main functions is therefore, a major aim in stroke rehabilitation.
Major ischemic brain repair processes during stroke recovery include neuralplasticity, angiogenesis, and neurogenesis [4, 5] . These brain repair processes are influenced by environmental stimulation factors such as sensory and motor stimuli through the neuronal pathway. The ischemic brain is the most responsive to these alterations and interacts with the environment to modify its neural circuitry [6] . Physical exercise and training is an effective rehabilitation method for protecting neural cells against ischemia-induced brain injury [7, 8] . Physical exercise is known to simultaneously promote the neuronal cell survival mechanisms, while inhibiting the neuronal apoptotic pathways [9] . In addition, it increases capillary density by inducing angiogenic
Original Article growth factors in the brain, and protects against ischemic cell damage [10] . Further, physical activity enhances the neuronal plasticity and the excitability of neuronal pathways. Exercise is involved in the remodeling of neuronal circuits and increased motor function, thus ameliorating pathological conditions [11, 12] . Considering the several different type of physical training available, it is important to know which of these stroke rehabilitation strategies is the most effective in facilitating motor function recovery [13] [14] [15] . Glutamate is the main excitatory neurotransmitter, during the ischemic condition, which mediates a large majority of synaptic transmission and is responsible for the expression of neural plasticity and higher brain functions [16, 17] . Glutamate overstimulates N-methyl-D-aspartate receptors, which upon activation mediate calcium influx and acts as the primary factor in calcium-led mechanisms of neuronal cell death and neuroinflammation, following ischemic stroke [18] . The inhibition of glutamate-induced neuronal excitotoxicity has been a therapeutic target for stroke for many years [19] . Several recent studies indicate that physical training also plays an important role in angiogenesis, neuronal plasticity, neuroinflammation, and functional recovery after stroke [20] [21] [22] . However, the exact mechanisms underlying the effectiveness of physical training are not yet very clear. Here, we sought to lassess the contribution of physical training in promoting the functional outcome and glutamate transporter activity in focal cerebral ischemic injury rats.
Methods

Rat middle cerebral artery occlusion rat model
Thirty male Sprague-Dawley rats (weight=250-260 g) were used in this study. Rats were housed at a temperature of 25.0±1.0 o C and 50±5% a humidity, with a 12-h light-dark cycle, and had free access to food and water. The rats were acclimated for one week, and were randomized into three groups. Group I included the non-occlusion sham control rats (n=10), Group II included the rats subjected to non-physical training after middle cerebral artery occlusion (MCAO) (n=10), and Group III included rats that underwent physical training after MCAO (n=10). All animal experimental protocols were performed in accordance with the guidelines of the institution's animal care and use committee of Dongshin University. Focal cerebral ischemia was induced with a modified intraluminal suture method, which was previously described in detail [23] . Briefly, the left common internal and external carotid arteries were exposed through a midline incision in the neck and then carefully dissected from the surrounding tissues under an operating microscope. After electro-coagulation of the external and common carotid arteries, a 3-0 silicon rubber-coated monofilament was inserted through the common carotid artery into the internal carotid artery to a depth of 18-20 mm beyond the carotid bifurcation at the base of the middle cerebral artery. An atraumatic aneurysm clip was placed on the internal carotid artery to prevent bleeding. The clip and the monofilament were removed after 1 h to stimulate transient ischemia, and after 24 h to stimulate permanent ischemia. Finally, the incision was sutured once the clip and the monofilament were removed. In the Group I, all steps were included except for MCAO procedure.
Treadmill exercise and functional outcomes
Rats in the physical training group underwent treadmill training 24 h after MCAO for 14 consecutive days. The training intensity was gradually increased from 5 m/min on the first day to 12 m/min on day 3, and it was maintained until day 14, as described in detail in our previous study [24] . On days 1, 7, and 14 after MCAO, neurological deficit scores were tested as previously described, and all rats were scored by an observer blinded to the experiment design with the following criteria: score 0, no neurological symptoms; score 1, unable to extend right forepaw fully; score 2, reduced grip of the right forelimb; score 3, torso turning to the right side when held by tail; score 4, circling or walking to the right; score 5, failure to walk without help; score 6, no spontaneous activity or narcosis; and score 7, dead.
Western blotting analysis
About 10μg of protein was separated using 12% sodium dodecylsulfate-polyacrylamide gel electrophoresis after brain tissues were collected, transferred onto a polyvinylidene difluoride membrane, and blocked in 5% non-fat milk at room temperature for 2 h. Resultant protein was incubated in rabbit anti-GLT-1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and β-actin (Santa Cruz Biotechnology), followed by incubation in horseradish peroxidase-labeled goat anti-rabbit immunoglobin (1:5,000, Zymed, San Francisco, CA, USA) at room temperature for 3 h. Membranes were finally incubated with a chemiluminescent reagent (PerkinElmer Life Sciences, Boston, MA, USA) and the signals produced were recorded on X-ray film (BIOMAX XAR Film, Rochester, NY, USA) for a densitometric analysis. 
Data analysis
Data analysis was performed with PASW Statistics 18.0 (IBM Co., Armonk, NY, USA). All of the data were expressed as mean±standard deviation (SD). Differences in limb placement test scores were examined with a parametric one-way ANOVA and Scheffe's post hoc procedure at 95% significance levels. For test based on scoring systems, the nonparametric Kruskal-Wallis test was used with the multiple-comparison post hoc test to determine the number and relation of the group differences at a 95% significance level.
Results
All rats with MCAO exhibited severe neurological deficits on the first day, and there was no statistically significant difference between the non-physical training group and the physical training group (4.29±0.60 vs. 4.35±0.70 in Group II and Group III, respectively). The effect of physical training on the recovery of function was evaluated at on days 7 (4.26±0.20 vs. 3.35±0.43 in Group II and Group III, respectively) and 14 (4.07±0.50 vs. 2.95±0.28 in Group II and Group III, respectively) after MCAO (p＜0.05; Figure 1 ). We observed that physical training significantly promoted functional outcomes on the 7th and 14th day after MCAO (p ＜0.05). All rats in the Group I evaluated on days 1, 7, and 14, exhibited no neurological deficits. We analyzed brain fraction extracts from the rats in all three groups at the end of the experiment to determine glutamate transporter-1 (GLT-1) activity levels. Compared to the Group II, the Group III exhibited an increasing trend in GLT-1 activity. After MCAO, the GLT-1 activity significantly changed by 83.56 % in the Group II and by 134.84 % in Group III (p＜0.05; Figure 2 ).
Discussion
About of the strokes is ischemic, and 20% is hemorrhagic [25] . Patients with stroke experience various symptoms that limit their daily activities, which include physical disability, neglect, memory, cognitive, and sensory impairment [26, 27] . Brain ischemia is one of the leading causes for severe disabilities during their lifetime and often leads to irreversible brain damage described by characteristic adenosine triphosphate depletion, neuronal oxidative stress, release of inflammation cytokines and abnormal release of neurotransmitters [28, 29] .
Physical activity enhanced the promotion of cell survival mechanisms. A number of previous studies have investigated the role of exercise in promoting enhanced cell survival against brain ischemia and improved functional recovery [30, 31] . Our result show that physical training significantly promoted the functional outcomes on day 14 after MCAO. The results indicated that exercise improved the re-covery of motor function after MCAO. A previous study demonstrated improvement in survival and a marked reduction in brain damage in Sprague-Dawley rats subjected to a two-week moderately intense treadmill activity [32] . However, whether physical training for two weeks could influence the excessive release of glutamate caused by cerebral ischemia is still unknown.
After MCAO, excessive glutamate release could evoke postsynaptic depolarization and cause influx of cation such as calcium and sodium into the cells, thereby inducing neuronal excitotoxicity [33, 34] . The GLT-1 is a major glutamate transporter that has been shown to exert neuroprotection in various animal models of ischemic injury and motor neuron degeneration [35] [36] [37] . In our study, there were significant inhibitory effects on GLT-1 activity observed in the ischemic stroke model, and physical training led to an increased in GLT-1 activity and improvements in motor function. Changes in GLT-1 activity might reflect neuroprotective characteristics that promote the survival of the cerebral cortex, as has been shown in experimental experiments models of focal cerebral ischemia [34] . Improvements in neurological functions indicated that alterations in GLT-1 expression might be correlated with the neuroprotection.
Thus, our data clearly show that physical training appears to act as a major homeostatic regulator of motor function and GLT-1 upregulation. These findings suggest that physical training is important in functional recovery. The present data revealed that physical training promoted functional outcomes and improved the GLT-1 expression in the ischemic region after MCAO, and this study confirms that physical activity is an early physical therapeutic strategy in the rehabilitation of ischemic stroke.
